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ABSTRACT
In the framework of the soft-wall model of AdS/QCDwe calculated the ρmeson nucleon coupling
constant. Bulk-to boundary propagators for the free vector and spinor fields are presented, whose
boundary values correspond to ρmeson and to the nucleon respectively. The interaction Lagrangian
between these fields is written in the bulk of AdS space and includes magnetic type interactions as
well. Using the AdS/CFT correspondence from the bulk interaction action we derived the gρNN
coupling constant in the boundary QCD. We found that the soft-wall model result for the gρNN
constant is more close to empirical values than the one obtained in the hard-wall model.
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2I. INTRODUCTION
The AdS/CFT correspondence [1–3] discovered in recent decades is successfully applied for
solving problems in different branches of physics. This correspondence establishes duality between
the fields in the bulk of an anti-de Sitter (AdS) space with the field theory operators defined on
the ultraviolet (UV) boundary of that space. For Quantum Chromodynamics this duality has
special importance, since the ordinary perturbation theory does not work at a low energy limit
and it needs non-perturbative methods for solving problems of strong interactions in this energy
region. Application of AdS/CFT correspondence principle (or holography principle) to the QCD
theory, which is named as holographic QCD, found to be a useful concept for the studies in QCD
at low energies. In holographic QCD there are two approaches, which were named top-down
and bottom-up ones. The top-down approach includes QCD models based on the string and D-
brane theories. Meanwhile, the bottom-up approach of the holographic QCD is based on direct
application of the AdS/CFT principle to the theory of strongly interacting particles and so is
frequently called AdS/QCD. Two main models of AdS/QCD, which are known as the hard-wall
and soft-wall models [4–11], were constructed under the finiteness condition of the action for the
model at the infrared (IR) boundary of AdS space. In the hard-wall model this condition is ensured
by the cut off at this boundary and in the soft-wall one the condition is satisfied by introducing
an exponential factor, which suppresses expressions under the integral over the extra dimension at
infinite values of this dimension [12–14]. The hard-wall model produces a linearly growing mass
spectrum of mesons and the soft-wall one gives linearly growing spectrum for the squared mass.
Both models are a powerful tool for the calculation of various coupling constants of the strongly
interacting particles as well as the form factors for them. In the AdS/QCD models framework
these coupling constants can be derived for both the ground and excited states of mesons and
baryons [10, 15–17], which enlarges the range of applicability of these models. There is light-front
approach in AdS/QCD, within which these coupling constants and form factors could be derived as
well [18]. Besides calculations performed in vacuum, the AdS/QCD models are applied to research
of physical effects and quantities in the dense nuclear medium [19–22].
Studies of mesons in the AdS/QCD framework have been started from the pioneering work [5]
and the ρ mesons, as lightest ones in the vector meson series, were considered in several papers [9,
23–25]. Here we aim to consider the ρ meson strong coupling constant with nucleons in the
framework of the soft-wall model in vacuum. Note, that this coupling constant has been evaluated
in the framework of the hard-wall model in [10, 16, 25] and in top-down approach in [26–28].
3For this coupling constant there is empirical data as well, that give rise to a possibility to make
comparison with it. Such an analysis may serve as an additional verification of the soft-wall model
on the example of computing of the gρNN coupling constant.
The present paper was arranged as follows: First, we define the bulk geometry of the model,
then we briefly present the equations of motion for the free vector, scalar and spinor fields in the
bulk and write down bulk-to-boundary propagators for these fields. Next, we write a Lagrangian
for the vector-spinor interaction in this geometry and derive the boundary gρNN coupling constant
from the bulk Lagrangian. Finally, we give a numerical results for the coupling constant and carry
out comparison of the obtained values with the empirical one.
II. THE SOFT-WALL MODEL





ge−Φ(z)L (x, z) , (1)
where g = |det gMN | (M,N = 0, 1, 2, 3, 5) and the extra dimension z varies in the range ǫ ≤ z <∞
(ǫ→ 0). An exponential factor was introduced to make the integral over the z finite at IR boundary
(z →∞) and the dilaton field Φ (z) = k2z2 is chosen in the usual form for the soft-wall model. The
parameter k is a free one and it is usually fixed by fitting mass spectrum with the experimental data
for the particles considered in the model. The metric of AdS space is given in Poincare coordinates




(−dz2 + ηµνdxµdxν) , µ, ν = 0, 1, 2, 3. (2)
The 4-dimensional metric ηµν has Minkowski signature:
ηµν = diag(1,−1,−1,−1). (3)
A. ρ-mesons in soft-wall model
Let us introduce in the bulk of AdS space two gauge fields AML and A
M
R , which transform
as a left and right chiral fields under SU(2)L × SU(2)R chiral symmetry group of the model.
The chiral symmetry group is broken to the isospin group SU(2)V (in vector representation) due
to the interaction of the bulk gauge fields with the scalar field X. According to the AdS/CFT
correspondence the bulk SU(2)V symmetry group is a symmetry group of the dual boundary
4theory, i.e. isospin symmetry of QCD and the ρ meson triplet is described by this representation


















fields. According to the AdS/CFT
correspondence of vector field the UV boundary value of the Kaluza-Klein modes of the bulk
vector field corresponds to the vector meson series of the dual theory. Since the ρ meson is the
lightest vector meson in particle physics it corresponds to the first state of these modes. The action
for the gauge field sector will be written in terms of bulk vector and axial-vector fields as follows:























where the field stress tensor is FMN = ∂MVN − ∂NVM − i [VM , VN ], VM = V aM ta, ta = σa/2 and
σa are Pauli matrices. 5-dimensional coupling constant g5 is related to the number of colors Nc
in the dual theory as g25 = 12π
2/Nc [5]. We choose the axial-like gauge, V5 = 0, to fix the
V5 component [5]. 4-dimensional components of the vector field at UV boundary (Vµ(x, z = 0))
correspond to the source of the vector current. Fluctuations of the bulk vector field correspond to
the vector mesons at the boundary. Since the boundary value of the vector field VM corresponds to
the vector mesons, only the transverse part of this bulk vector field
(
∂µV Tµ = 0
)
is interesting for
our study. It is useful to write the transverse part of the bulk vector field V Tµ (x, z) in momentum
space by help of Fourier transformation3. The equation of motion for Fourier components V˜ aµ (p, z)














2z2V˜ aµ (p, z) = 0. (5)
The V˜ aµ (p, z) can be written as V˜
a
µ (p, z) = V
a
µ (p)V (p, z) and at UV boundary V (p, z) satisfies
the condition V (p, ǫ) = 1, since it is assumed that 4-dimensional physical world resides at this
boundary of the AdS space. For the n-th mode Vn(z) in the Kaluza-Klein decomposition V (p, z) =
∞∑
n=0
Vn(z)fn(p) with mass m
2
n = p






−B(z)Vn = 0, (6)
where B(z) = Φ(z)−A(z) = k2z2 + ln z. Making substitution
Vn(z) = e
B(z)/2ψn(z) (7)
3 Hereafter we omit the sign of transversity T on V TM .












For the eigenvalues m2n there is a linear dependence on the number n: m
2
n = 4k
2(n + 1), which
enables us to fix the free parameter k. In the AdS/CFT correspondence m2n is identified with the
mass spectrum of the vector mesons in the dual boundary QCD. For the ρ-meson we have m = 1











It should note that solution (9) was obtained for the free field case and does not take into
account the back reaction of the bulk spinor field, which we will introduce in the next paragraph
in order to describe nucleons on the boundary.
B. Axial vector and pseudoscalar fields and chiral symmetry breaking
Let us now consider axial vector field AM . This field is related to pseudoscalar field X, which is
introduced into the AdS/QCD models in order to perform breaking of the chiral SU(2)L×SU(2)R
symmetry by Higgs mechanism [7]. The X field transforms under bi-fundamental representation





ge−Φ(z)Tr{|DX|2 + 3|X|2}, (10)
where −3 is the squared 5-dimensional mass of the X field (M25 = −3). Covariant derivative
DM is defined as DMX = ∂MX − iAML X +XAMR and contains interaction with the axial vector
field. So, the equation of motion for the axial vector Kaluza-Klein modes An(z) takes into account









e−B(z)An = 0 (11)





+ 3e−B(z)+4A(z)X(z) = 0. (12)
It is noteworthy that higher order interaction terms may be included into the action for the X field
for accuracy, however we shall only consider the (10). Also, for our calculation of gρNN we shall






σz3 = v(z). (13)
Here the coefficient mq is the mass of u and d quarks and σ is the value of chiral condensate. The
coefficients mq and σ were established from the UV and IR boundary conditions imposed on the
solution for the field X. At z → ∞ this solution is suppressed by an exponential factor in the
action.
C. Nucleons in soft-wall model
Nucleons were introduced into the soft-wall model in [8] and their excited states within this
model were considered in [12, 15]. In the hard-wall model nucleons were introduced in [11] on
the basis of the AdS/CFT correspondence for the spinor field [29]. Following [8] and [15] we shall
present here some formulas of profile function derivation for the spinor field in the soft-wall model.
It should be noted that a nucleon doublet in the hard-wall model is described by a pair of bulk
fermions, because the left- and right-handed components of the nucleon operator at the boundary
are described by two bulk fermion fields having opposite signs of 5-dimensional mass M (detailed
substantiation may be found in [11]. However, the soft-wall model Lagrangian contains additional
term ΦΨΨ, which describe coupling of a dilaton field with the bulk fermion fields ([8]) and the
sign of this term for the second fermion field is chosen oppositely to the one for the first fermion
[11]. So, in order to describe the nucleon doublet in the boundary QCD it is necessary to introduce
two bulk fermions N1 and N2 having opposite signs of M and ΦΨΨ term, then eliminate extra
chiral components at the UV boundary by the boundary conditions. Let us demonstrate profile
function derivation for the fermion field Ψ1(x, z) in the bulk of the AdS space (2). The action for
















AΨ1 − (M +Φ(z))Ψ1Ψ1
]
, (14)
where eNA = zδ
N







Non-zero components of spin connection are: ωµzν = −ωµνz = 1zηµν . The 5-dimensional matrices
ΓA are defined as ΓA = (γµ,−iγ5) and obey the anticommutation relation {ΓA,ΓB} = 2ηAB . Note
that the mass term in this action contains an additional term with Φ(z) that accounts for the
dilaton-fermion interaction, while the back reaction of other fields existing in the bulk of the AdS
4 More detailed analysis of the asymptotic solutions for the X(z) can be found in [7].
7space were ignored in (14) and we shall use in our calculations the profile function of fermion in







A − (M +Φ(z))
]
Ψ1 = 0. (15)
It is convenient to solve (15) for Ψ in terms of left- and right-handed components defined as ΨL,R =
(1/2)
(
1∓ γ5)Ψ. In momentum space ΨL,R are written as product of the UV boundary fields
Ψ0L,R(p), profile functions fL,R(p, z) and the factor of conformal dimension ∆, i.e. as ΨL,R(p, z) =
z∆Ψ0L,R(p)fL,R(p, z). The boundary fields Ψ
0
L,R(p) are related to each other by the 4-dimensional
Dirac equation 6 pΨ0R(p) = pΨ0L(p), since spinors in 5 dimension are the ones in 4 dimension. The
equation (15) will give us relations between profile functions fL(p, z) and fR(p, z) [8]:(




∂z − d/2 −∆+Φ− (M +Φ)
z
)
f1L = pf1R. (16)
Using the relation ∆ = d2 −M known form the AdS/CFT correspondence (with d = 4 for our





(M + k2z2)∂z +
2
z2






(M + k2z2)∂z + p
2
]
f1L = 0. (17)
The n-th normalized Kaluza-Klein mode f
(n)
L,R (z) of the solutions fL,R with p
2 = m2n may be





1L (z) = n1L (kz)
2α L(α)n (kz) ,
f
(n)
1R (z) = n1R (kz)
2α−1 L(α−1)n (kz) . (18)
Parameter α is related to the 5-dimensional massM via α =M+ 12 . It relates the mass of the n-th
mode mn to the number n in the following m
2
n = 4k
2 (n+ α), which serves as another condition





















8M is equal to M = 32 and hence α = 2.
For the second bulk fermion field we have to change the sign of (M +Φ(z)) term in the La-
grangian to opposite, (i.e. make a replacement (M +Φ(z)) → − (M +Φ(z)) in (14)), because,
as was noted above, this fermion is needed for the description of another chiral component of the
nucleons at the UV boundary. There are following relations between the profile functions of the
first and second bulk fermion fields [11, 15]:
f1L = f2R, f1R = −f2L, (20)
which could be deduced from (16) as well performing the above replacement and 1→ 2 in it5.
III. BULK INTERACTION AND THE gρNN COUPLING CONSTANT
A boundary meson-nucleon coupling constant will be derived from the 5-dimensional action for







According to the AdS/CFT correspondence classical bulk action S is the generating function Z
for the vacuum expectation value of the current in dual 4-dimensional theory at the UV boundary.
For our problem this principle will be written as






where V˜ 0µ = V˜µ(q, z = 0) = Vµ(q) is the UV boundary value of the vector field (V (z = 0) = 1)
and Jµ obtained from the variation of exp (iSint) will be identified with the nucleon current
6
Jµ(p
′, p) = gρNN u¯(p′)γµu(p) in the QCD theory, which exists at this boundary of the AdS space.
V˜ 0µ is the source for the Jµ current. There is an energy-momentum conservation relation between
4-momenta q, p′ and p: q = p′−p, which arises as a result of integration over space-time coordinates
5 The relation (20) is not unique ([11]).
6 We did not take into account the isospin structure in the current, since in the vacuum case all gρNN constants are
the same and this does not matter. However, in the case of medium having non-zero average value of isospin the
isospin structure has importance [22].
9x. p′ and p on the AdS gravity side are four momenta of the bulk spinor fields after and before
the interaction with the vector field, respectively. But on the QCD side these are four momenta of
the final and initial nucleon respectively. The integral over z arising on the right-hand side of (22)
will be accepted as the gρNN coupling constant existing in the nucleon current Jµ(p
′, p) when two
currents, the fermion current at the boundary and the nucleon current, are identified as above.
Generally, the interaction Lagrangian Lint is constructed basing on the gauge invariance of the
model and it contains different kinds of interaction terms [10, 16]. On constructing the interaction
Lagrangian for deriving the gρNN coupling constant we may follow [16], where this was done within
the hard-wall model framework. Since the Lagrangian terms in hard-wall model were constructed
on a gauge invariance requirement and they are not model dependent, it is correct to apply these
terms in the soft-wall model case as well. First, Lint contains a term of minimal gauge interaction
of the vector field with the current of fermions
L(0)ρNN = N1eMA ΓAVMN1 +N2eMA ΓAVMN2, (24)
where ΓA matrices are the ones in flat tangent space and were defined in the previous section.
After performing the integrals in momentum space and applying the holography principle this






























profile function for zero Kaluza-Klein mode of the vector field, the UV boundary value of which
corresponds in the AdS/CFT correspondence to the ground-state of ρ meson and the superscript
indices n and m indicate the number of excited states of the initial and final nucleons respectively.
The bulk spinor fields have magnetic moments and they may interact with the bulk vector field
by means of these moments. It is obvious this kind of interaction will contribute to the gρNN















was constructed in [16] and its contribution to gρNN was calculated within the hard-wall model.
Besides this simple fermion-vector field interaction by means of magnetic moment there is another,
but more complicated interaction of these fields by the magnetic moment where the bulk scalar



















Since the X field was included into the interaction this term was constructed as one changing
chirality of the boundary nucleons and the gauge field in the bulk interact with the fermions
through the magnetic moment of last. So, on the boundary QCD side this term describes the ρ
meson coupling with the nucleon current through the magnetic moment of nucleons. We shall see
later that in spite of the X field is present in the Lagrangian (27) there is no pion fields in the final
expression of the action for the Lagrangian (27). More precisely, the action for this Lagrangian
contains non-zero term which is a zeroth order on the pion field term and so, it was not included into
the gρpiNN coupling constant but the gρNN one. Inclusion of terms (26) and (27) into the interaction
Lagrangian Lint can give us information about that how much contribute the magnetic moment
interactions into the gρNN coupling constant. The k1 and k2 constants were found in [16] from
fitting the gρNN and gpiNN coupling constants with their experimental values in the ground-state of




FNN include both the vector and axial-vector fields we shall use
their vector field part. The ΓMNFMN matrix in (26) and in (27) contains two kind of terms which
are Γ5νF5ν and Γ
µνFµν . It is useful to present the contributions made by these terms separately.





expressed in terms of mode profile function derivative V ′0(z) and gives a final result for the gρNN

































































These integrals have the same form as the ones obtained in the hard-wall model, except for the
exponential factor and different expressions for the profile functions. So, following [16], we shall keep







and correspond to the coupling due to the ”charge” and the second one, fnmρ , can be considered as
the contribution made by interaction of the ρ meson with the nucleons via its magnetic moment.
It is recommended to carry out numerical analysis of these terms separately.
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IV. NUMERICAL ANALYSIS
In order to get the value of the gρNN coupling constant within the model considered here we have






ρ , which were presented in
equations (25), (28) and (29) respectively. We calculate these integrals by use of MATHEMATICA
package and then compare obtained results of the values of gnmρNN with the experimental data for
this coupling constant and with the ones obtained within the other models. For this aim free
parameters k, k1, k2, mq and σ existing in this model should be fixed. For the k parameter it was
found two values k = 0.350 GeV in [8] and k = 0.389 GeV [30]. These values were determined from
matching of the mass spectra of the ρ meson and nucleons which were derived in the soft-wall model
with experimental values of the masses of these particles. Parameters k1 and k2 were fixed in [16]
calculating the gρNN and gpiNN coupling constants in the hard-wall model framework. Constant
gpiNN can not be evaluated within the soft-wall model because of the absence of explicit expression
for the profile function for the pions in this model. However, since interactions (26) and (27) are
model independent we may apply these values for the k1 and k2 constants in our calculations as
well.
Though there is no data of the direct measurements of the gρNN coupling constant in the
literature, this constant could be determined from other measurements in the experiment. For
instance, in [31] the value of this constant gexpρNN = 2, 52±0.06 was estimated from the experimental
data for width Γ of the ρ0 → e+e− decay in [32]. In [10, 27, 28] a range of gempρNN = 4.2 ∼ 6.5
was used for this constant, which was empirically established in the [35]. The hard-wall AdS/QCD
model results are the following ones: gh.w.ρNN = −4.3 ∼ −6.2 in [10] and gh.w.ρNN = −8.6 in [16]. The
values obtained in the framework of QCD models are the next ones: value of gq.s.r.ρNN = −2.5 ± 1.1
was obtained in [33] in the result of application of QCD sum rules, while the value gc.q.m.ρNN = 2.8
was obtained in the chiral quark model framework in [34] and used in [16] for comparison with the
hard-wall results.
Two different sets of values for σ and mq were applied in studies carried out in the framework of
AdS/QCD models in [31]: 1) the values of σ = (0.368)3 GeV3 and mq = 0.00145 GeV were found
from fitting of the π meson mass mpi and its decay constant fpi obtained in the soft-wall model
framework with their experimental values and 2) the values of σ = (0.327)3 GeV3 and mq = 0.0023
GeV were found in this work from fitting the results for these constants obtained in the hard-wall
model with their experimental values.
In order to keep the clarity about relative contributions of different terms of Lagrangian, in
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ρNN coupling constants separately.
The numerical results for the set 1 are presented in Tables I–II, and for Set 2 are shown in Tables
III–IV. Comparison of the soft-wall model results with the empirical values provided above and
with the values obtained within the hard-wall model shows that for all values of parameters the
soft-wall model gives the results more close to the experimental data than the hard-wall model.




ρNN is three times larger than the one coming
from g
(0)
ρNN , i.e. the interaction Lagrangians (26) and (27) make the main contribution.
In the ground-state of nucleons the tensorial coupling constant fρ in the soft-wall model gets a
value close to the one in the hard-wall model [16], but both values are larger than the value quoted
in [34]. However, for the excited states of nucleons the difference between the results of the hard-
wall and the soft-wall models increases as the excitation number n increases. Unfortunately, there
is no experimental data for this coupling constant for n 6= 0 and so, we can’t make a conclusion
about which model predicts a reliable result. From the comparison of tables it can also be seen
that the gρNN constant is more sensitive to the value of parameter k than to σ and mq.





















0 0.94 1.089 1.64 5.14 6.78 2.52±0.06 -8.6 -2.5±1.1 2.8 -24.64 -21.10
4.2∼6.5 -4.3∼-6.2
1 1.44 1.323 2.14 11.95 14.09 — 25.94 - - -107.33 -20.18
2 1.535 1.556 2.56 22.92 25.48 — 4.45 - - -298.31 -20.49
TABLE I: Numerical results for k = 0.389 GeV3, ms.w.ρ = 0.778 GeV, k1 = −0.78 GeV3, k2 = 0.5 GeV3,
σ = (0.368)3 GeV3 and mq = 0.00145 GeV.





















0 0.94 1.089 1.645 3.688 5.333 2.52±0.06 -8.6 -2.5±1.1 2.8 -16.24 -21.10
4.2∼6.5 -4.3∼-6.2
1 1.44 1.323 2.15 8.37 10.52 — 25.94 - - -73.85 -20.18
2 1.535 1.556 2.56 15.99 18.55 — 4.45 - - -206.61 -20.49
TABLE II: Numerical results for k = 0.389 GeV3, ms.w.ρ = 0.778 GeV, k1 = −0.78 GeV3, k2 = 0.5 GeV3,
σ = (0.326)3 GeV3 and mq = 0.0023 GeV.
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0 0.94 0.98 1.48 5.9 7.38 2.52±0.06 -8.6 -2.5±1.1 2.8 -29.81 -21.10
4.2∼6.5 -4.3∼-6.2
1 1.44 1.19 1.93 13.457 15.387 — 25.94 - - -122 -20.18
2 1.535 1.14 2.3 25.654 27.954 — 4.45 - - -335 -20.49
TABLE III: Numerical results for k = 0.35 GeV3, ms.w.ρ = 0.7 GeV, k1 = −0.78 GeV3, k2 = 0.5 GeV3,
σ = (0.368)3 GeV3 and mq = 0.00145 GeV.





















0 0.94 0.98 1.48 4.2 5.68 2.52± 0.06 -8.6 -2.5±1.1 2.8 -19.98 -21.10
4.2∼6.5 -4.3∼-6.2
1 1.44 1.19 1.93 9.41 11.34 — 25.94 - - -84.33 -20.18
2 1.535 1.14 2.3 17.88 20.18 — 4.45 - - -202.5 -20.49
TABLE IV: Numerical results for k = 0.35 GeV3, ms.w.ρ = 0.7 GeV, k1 = −0.78 GeV3, k2 = 0.5 GeV3,
σ = (0.326)3 GeV3 and mq = 0.0023 GeV.
V. SUMMARY
In the present article we have calculated the strong coupling constant of ρ mesons with nucleons
within the soft-wall model of AdS/QCD. We found that the predictions of the soft-wall model for
the gρNN coupling constant are closer to the experimental value than the one obtained in the hard-
wall model framework. Unfortunately, there is no experimental data for determining of the gρNN
constant in the case of excited states of the nucleon and the soft-wall model results obtained here
disagrees with the ones found in the hard-wall model framework in [16]. Also, the soft-wall model
value for the tensorial coupling fρ agrees with the hard-wall one for the ground-states of nucleons.
However, the results for this coupling in the case of excited states of these particles obtained in
both models are different and may be verified in future experiments.
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